Objectives: To investigate the association between body mass index (BMI) and physical and mental health-related quality of life (HRQoL) in a multiethnic Asian population in Singapore, and explore whether there were gender and ethnic differences in this association. Methods: We conducted cross-sectional analyses using data from 5027 Chinese, Malay and Indian participants (2403 men and 2624 women) aged 24-95 years. These subjects were from four previous cross-sectional surveys carried out in Singapore (from 1982 to 1998) who attended a follow-up examination (including both a questionnaire and a clinic examination) between 2004 and 2007, during which HRQoL was assessed. Participants were classified as underweight (o18.5 kg m À2 ), normal weight (18.5 to o23 kg m À2 ), overweight (23 to o25 kg m À2 ), moderate obese (25 to o30 kg m À2 ) and severe obese (X30 kg m À2 ). HRQoL was measured using the Short-Form 36-item questionnaire (SF-36) physical component summary score (PCS) and mental component summary score (MCS). Linear regressions with and without adjusting for other covariates were used to evaluate the association between BMI and SF-36 PCS and MCS. Results: Compared with participants with normal weight, moderate or severe obesity was associated with 0.8 points (95% confidence interval (CI): À1.5 to À0.1, P ¼ 0.03) and 2.1 points lower PCS (95% CI: À3.1 to À0.1, Po0.001), respectively, after adjustment for sociodemographic variables, family functioning measure scores and the presence of chronic diseases. These associations were greater in women than in men. In contrast, being underweight was associated with 1.3 points lower MCS (95% CI: À2.3 to À0.3, P ¼ 0.014). Conclusions: In this study (one of few studies in the Asia-Pacific region), obesity was associated with lower PCS and the effect was modified by gender but not ethnicity, such that the association was greater in women than in men. However, obesity was not associated with MCS. Underweight was associated with reduced MCS but not PCS.
Introduction
There is a trend toward increasing rates of overweight and obesity in developed and developing countries. It was projected that, by the year 2030, the absolute number of overweight and obese adults would reach a total of 2.16 billion and 1.12 billion, or 38 and 20% of the world's adult population, respectively. 1 In Singapore, the prevalence of obesity (body mass index (BMI)X30.0 kg m
À2
) among residents aged 18-69 years increased from 6.0% in the year 1998 to 6.9% in the year 2004. 2 Overweight and obesity (as assessed using the BMI) are associated with increased mortality. 3, 4 In addition, underweight is also associated with increased morbidity. 3 Health-related quality of life (HRQoL) is an important health outcome that measures the effects of health conditions on an individual's subjective evaluation of physical, social and mental well-being. 5 Several studies have investigated the association between HRQoL and obesity. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Several areas remain unclear. First, the impact of overweight and obesity on mental HRQoL is not well understood. In most studies, higher BMIs were associated with worse physical functioning (measured using Short-Form 36 (SF-36) or Short-Form 12 (SF-12) physical functioning scale, physical component summary score (PCS) or other HRQoL questions), [7] [8] [9] [10] [11] [12] [13] 15 with only a few studies 16 reporting slightly increased HRQoL in physical domains for the overweight population. In contrast, various studies have reported significantly reduced, 11-14 similar [7] [8] [9] [10] or improved 16 mental HRQoL (measured using SF-36 or SF-12 mental health (MH) scale, mental component summary score (MCS) or other HRQoL) among overweight/obese populations. Second, only a few studies have investigated the association between HRQoL and underweight. Both populationbased studies [11] [12] [13] [14] [15] and clinic/patient-based studies 6, [17] [18] [19] indicated a reduced HRQoL in the underweight population compared with the normal weight population. In this regard, the relative impact of being underweight on the physical and mental domains of HRQoL is even less clear than that for overweight/obesity. Some studies using either SF-12 or SF-36 showed greater reduction in mental domains instead of physical domains. 11, 15 Hopman et al. 14 also indicated worse MCS than PCS among men; however, they reported worse PCS than MCS among women. In contrast, two studies that used data from the 1996 or 1999 Behavioral Risk Factors Surveillance Survey indicated more unhealthy days caused by physical problems. 12, 13 Finally, few studies have been conducted in Asia and little is known about the relationship between BMI and HRQoL for people in the Asia-Pacific region, especially for the association between being underweight and HRQoL. 6, 7, 16 Given the increasing prevalence of overweight/obesity in this region of the world, it will be important to gain a better understanding of the association between being overweight/ obese and HRQoL among Asians.
Aims
The primary aim of this large population-based study was to investigate the impact of being overweight/obese and underweight on HRQoL, with particular emphasis on comparing the physical and mental domains of HRQoL. Data for this study came from a large population-based study among Singaporean Chinese, Malay and Indians. This would allow us to investigate the differences among various ethnic groups in Singapore and also allow us to compare our finding with other published studies in the Chinese population. As gender differences in the association between BMI and HRQoL had previously been reported, 7, 9, 14, 16, 20 a secondary aim of this study was to evaluate whether the association between BMI and mental and physical health was similar in men and women.
Materials and methods

Study design and participants
In this study, we invited 10 747 participants from four previous cross-sectional surveys (from 1982 to 1998) to participate in a repeat follow-up examination between 2004 and 2007. HRQoL was collected only during the follow-up and, as such, this study represents a cross-sectional analysis from the follow-up examination. Detailed sample selection methods for the original studies have been described elsewhere and include the Thyroid and Heart Study (1982) (1983) (1984) , 21 the National Health Survey (1992), 22 the National University of Singapore Heart Study (1993-1995) 23 and the National Health Survey (1998). 24 Briefly, all studies were a random sample of participants from the Singapore population, with disproportionate sampling stratified by ethnicity to increase the numbers from the minority ethnic groups (Malays and Asian Indians). Using the unique National Registration Identity Card numbers, the Ministry of Home Affairs provided current addresses and phone numbers of participants. Participants were contacted by either mail or telephone to obtain an appointment for trained field interviewers to administer questionnaires at the subjects' homes. Three home visits were made on three different times of the day, including at least one weekend and one weekday, before a participant was deemed noncontactable. All interviewed participants were subsequently invited to attend a clinical examination for additional tests and collection of biological specimens, shortly after the home visit. This study included 5027 participants who completed the questionnaire and returned for the clinic examination, after a variety of exclusions that are detailed in Figure 1 . Ethical approval was obtained from two institutional review boards (the National University of Singapore and the Singapore General Hospital) before study commencement. Informed consent was obtained from all participants before conducting the study.
Data collection
Data on a various demographic and lifestyle (alcohol intake, smoking) factors, as well as medical history, were collected using interviewer-administered questionnaires. Ethnic group was self-reported and participants were classified as being Chinese, Malay or Asian Indian. Marital status was classified as never married, currently married or separated/divorced/ widowed. Education level was determined through years of schooling and was divided into three categories: o7 years, 7-10 years and 410 years. Working status was classified as working or not working. Housing type was divided into three categories: small public housing, large public housing and private housing. Smoking was categorized as current smoker or noncurrent smoker and alcohol intake as current drinker and noncurrent drinker.
History of chronic diseases was captured by self-report data and some of these were confirmed by laboratory data. Participants were asked whether they had ever been told that they had hypertension, diabetes mellitus or high cholesterol. History of coronary heart disease was defined as a positive response to any of the three questions 'Has your doctor ever told you that you have blockage of the arteries to Association of body mass index with health-related quality of life H-L Wee et al your heart?' or 'Have you had ever had a heart attack?' or 'Have you ever had angioplasty-ballooning or heart bypass operation procedures?' Participants were also asked whether they had ever been told by a physician that they had a cerebrovascular accident (stroke). Information on other chronic diseases (lung disease, cancer, musculoskeletal illness and mental illness) was also captured.
For the health examination, participants were examined in the morning after a 10-h overnight fast. Venous blood was drawn and collected in plain and fluoride oxalate tubes and stored at 4 1C for a maximum of 4 h before processing. All biochemical analyses on blood were carried out at the National University Hospital Referral Laboratory, which is accredited by the College of American Pathologists. Serum total cholesterol, triglyceride and high-density lipoprotein cholesterol levels were measured using an automated autoanalyzer (ADVIA 2400, Bayer Diagnostics, Deerfield, IL, USA). Low-density lipoprotein cholesterol levels were calculated using the Friedewald formula. Plasma glucose was also assayed using enzymatic methods (ADVIA 2400, Bayer Diagnostics) using blood collected in fluoride oxalate tubes. The intraday and interday variabilities for total cholesterol, triglyceride, high-density lipoprotein cholesterol and plasma glucose were 0.80-1.57% and 0.93-1.15%; 0.00-3.85% and 1.27-3.4%; 0.56-0.65% and 1.18-2.00%; and 0.00-0.93% and 1.68-1.83%, respectively.
Definitions
Information on the presence of certain chronic diseases (for example, hypertension, diabetes mellitus and dyslipidemia) was captured by self-report, clinical examination and laboratory measurements. The presence of hypertension was defined as systolic blood pressure X140 mm Hg or ) was determined from measured weight in kilograms and height in meters. Waist circumference was measured midway between the lower rib margin and the iliac crest and the tape was fitted snugly. BMI was used as a categorical variable. The WHO has separate BMI classifications for Asians and non-Asians, 26 and we combined them in our study by dividing BMI into five categories with the following cutoffs: o18.5 kg m À2 underweight; 18.5 to o23 kg m À2 normal weight; 23 to o25 kg m À2 overweight;
25 to o30 kg m À2 moderate obese (class I obesity);
X30 kg m À2 severe obese (class II obesity).
Family functioning measure
The self-reported Family Functioning Measure (FFM) includes three items in a Likert-type format, and measures family relationship, with higher scores (range 0-100) reflecting better family functioning. It has been shown to be valid for use in Singapore. 27 
SF-36 health survey version 2 instrument
The SF-36 is a generic HRQoL instrument that includes 36 self-administered questions and measures eight functional domains, namely, physical functioning, role-physical, body pain, general health, vitality, social functioning, role-emotional and MH, with higher scores (range 0-100) reflecting better perceived health. 28 Two summary scores, PCS and MCS, are computed on the basis of the eight domain scores using regression weights derived from principal component factor analysis. The SF-36 has been validated for use in Singapore. 29 The SF-36 version 2 was modified from the SF-36 and it has been reported that these changes could enhance the responsiveness of SF-36. 28 We performed linear regression analysis with PCS/MCS as dependent variables in separate models with and without adjusting for other covariates: model 1 did not adjust for any variables; model 2 adjusted for sociodemographic variables (that is, age, gender, ethnicity, years of education, marital status, smoking status and work status) and FFM scores; model 3 adjusted for variables in model 2 and for the presence of chronic diseases (coded as yes/no). Age was categorized into three groups: o50 years, 50-65 years and X65 years. We reported the average deviation in PCS/MCS scores for underweight, overweight, moderate obesity and severe obesity using normal weight as the reference group. In addition, we performed stratified analysis by gender (model 4) using the covariates included in model 3 (without gender) and by ethnic groups (model 5) using the covariates included in model 3 (without ethnicity). Finally, to allow us to compare our findings with a published study among ethnic Chinese, 16 we performed gender-stratified analysis among
Chinese participants only (model 6). A P-value o0.05 was considered statistically significant.
Results
Characteristics of study participants Table 1 shows the characteristics of participants who completed both questionnaire and clinic examination and those who completed the questionnaire only. Participants in Association of body mass index with health-related quality of life H-L Wee et al both groups were similar in gender distributions but differed in other socioeconomic characteristics (Table 1) . With regard to HRQoL, participants who completed both clinical examination and the questionnaire were more likely to report better physical functioning, general health, vitality, MH and MCS scores, but worse body pain, role-emotional and PCS scores (Table 1) than those who completed only the questionnaire.
Characteristics of study participants across BMI categories Of the participants, 7.2% were underweight. Less than twofifth of the participants were normal weight. One-fifth of the participants were overweight and more than one-third of the participants were either moderate or severe obese (Table 2) . Compared with normal weight participants, obese participants were older, more likely to be Malays/Indians, married/ separated/divorced/windowed, to have lower socioeconomic status (less educated, not working, living in public houses), to be noncurrent smokers/drinkers, have one or more chronic medical conditions, have a higher FFM score and report significantly worse PCS scores. Interesting, severely obese participants were more likely to be women, whereas moderately obese participants were more likely to be men. In contrast, underweight participants were younger and more likely to be Chinese women, never married, more educated (410 years), not working, living in small public houses, current smoker but not current drinker, have fewer chronic diseases, a lower FFM score and report significantly worse MCS scores.
Relationship between BMI and HRQoL with/without covariate adjustment Table 3 shows that overweight/obese participants reported significantly worse PCS in a dose-dependent manner. These associations were attenuated, but remained statistically Association of body mass index with health-related quality of life H-L Wee et al significant for moderate and severe obesity, but not for overweight individuals, after adjustment for sociodemographic variables and FFM scores (model 2) and adjustment for the presence of chronic diseases (model 3). Underweight participants reported significantly worse MCS compared with normal weight participants and these associations also remained statistically significant after adjustment for sociodemographic variables and FFM scores (model 2) and adjustment for the presence of chronic diseases (model 3). Interestingly, with adjustment for sociodemographic variables and FFM scores, being moderate and severely obese were significantly associated with worse MCS (model 2). However, this association was lost after further adjustment for the presence of chronic diseases (model 3). The independent association between moderate/severe obesity and PCS, and that between being underweight and MCS remained after adjustment (model 2 and model 3).
In gender-stratified analysis with adjustments for sociodemographic variables, FFM scores and presence of chronic diseases, we found that the association between BMI and HRQoL was different for men and women (model 4). The association between severe obesity and PCS remained statisti- Association of body mass index with health-related quality of life H-L Wee et al cally significant in women but not in men, whereas the association between being underweight and MCS remained statistically significant in men but not in women. In tests for interaction, we found that p-value for the interaction between gender, severe obesity and PCS was statistically significant (interaction coefficient: À3.62, Po0.001).
In ethnic-stratified analysis with adjustments for sociodemographic variables, FFM scores and presence of chronic diseases, we found that the association between BMI and HRQoL was different between the ethnic groups (model 5). The association between obesity and PCS was similar in all three ethnic groups, but reached borderline statistical significance in Chinese only (P ¼ 0.087 for moderate obesity and P ¼ 0.052 for severe obesity). Although it seemed that the independent association between being underweight and MCS was observed only in Chinese, the interaction between ethnicity and BMI categories was not statistically significant (P ¼ 0.837 for PCS and P ¼ 0.393 for MCS). Association of body mass index with health-related quality of life H-L Wee et al Model 6 represented the gender-stratified analysis with adjustments for sociodemographic variables, FFM scores and presence of chronic diseases among Chinese. We found that the association between severe obesity and PCS was statistically significant in women but not in men, whereas the associations between being underweight and MCS were statistically significant in both men and women. The P-value for the interaction term including gender, severe obesity and PCS was statistically significant (interaction coefficient: À3.23, P ¼ 0.03).
Discussion
In this large population-based study using SF-36 to assess HRQoL in a community-dwelling multiethnic Asian population in Singapore, obese participants reported worse PCS in all three ethnic groups with no statistical evidence of effect modification by ethnicity. However, gender did modify the association between BMI and PCS, such that the association between obesity and PCS was greater in women than in men. The association between MCS and obesity is less clear and seems to be confounded by sociodemographic factors, FFM and the presence of chronic diseases. In contrast, being underweight was associated with reduced MCS but not PCS.
Our findings were consistent with several published studies. 11, 14, 15 For example, using SF-12 data from the 2000
Medical Expenditure Panel Survey, Jia et al. 11 reported that underweight participants had worse MH, whereas overweight/obese participants had worse physical health. Consistent with our finding that underweight was associated with worse MH, a cross-sectional survey among women 18-34 years in Scania also found that compared with normal weight women, underweight women reported worse global and psychological health, whereas overweight/obese women reported worse global but not psychological health. 31 We do not have a clear biological or medical explanation for this observation of worse mental HRQoL associated with underweight. The low prevalence of mental illnesses, cancer and chronic obstructive pulmonary disease did not allow us to adequately test the hypothesis that the different types of chronic medical conditions experienced by underweight and overweight/obese individuals would explain the stronger association between underweight and MCS, rather than PCS. A more detailed measurement of chronic diseases rather than self-reports (in the case of mental illnesses, cancer and lung disease) may be useful.
In addition, consistent with most previous studies, our study found that obesity was significantly associated with decreasing level of PCS. [7] [8] [9] [10] [11] [12] [13] 15 This could be explained by reduced physical activity, increased joint pain and so on. 32 However, unlike some previous studies that reported significantly reduced MCS among obese participants, [11] [12] [13] [14] our study showed a statistically significant reduction in MCS Association of body mass index with health-related quality of life H-L Wee et al in obese subjects only when adjusted for sociodemographic factors and FFM, but not for other chronic diseases. A study in Taiwan (among ethnic Chinese) found that overweight/ obese participants reported better MCS compared with normal weight participants. 16 Our study is similar to the Taiwan study in that both assessed HRQoL using the SF-36, adjusted for age, gender, education and smoking status. However, instead of adjusting for income and number of chronic diseases as in the Taiwan study, we adjusted for marital status, work status, FFM scores and for the presence of individual medical conditions. Hence, one possibility for the different observations in various studies could be the covariates considered in the analysis, which may confound the association. Another possibility is that the association between obesity and MCS is population specific and the impaired MCS significantly associated with obesity is primarily seen in Western populations.
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Interestingly, Huang et al.'s 16 study among the Chinese did not report any gender differences in the association between BMI and HRQoL, but our study did. Our study was not the first to report gender differences in the association between BMI and HRQoL. Hopman et al. 14 found that after adjusting for socioeconomic variables and chronic diseases, being underweight was associated with worse MCS in men but not in women, whereas being obese was associated with worse PCS in both men and women. Larsson et al. 20 found that for participants aged 16-34 years, being obese was significantly associated with worse PCS in both men and women, whereas being obese was significantly associated with worse MCS in men but better MCS in women, although this did not reach statistical significance. In addition, he reported that for participants aged 35-64 years, being obese was associated with worse PCS for both men and women (again not statistically significant for men) and worse MCS for women but slightly better MCS for men (not statistically significant). Clearly, the controversy continues and a better understanding of gender differences in the association between BMI and HRQoL is warranted. Our study addressed the limitations of published studies in several ways. First, this was a large population-based study compared with several other studies that suffered from small sample size. 6, 9, 33 Second, weight and height were measured rather than self-reported (common in other published studies). 7, [11] [12] [13] It was reported that obese participants tended to underreport their weight and overreport their height, whereas underweight participants tended to overreport their weight than normal weight participants. 34 Thus, misclassification was likely to have underestimated the association of BMI with HRQoL in these previous studies. Third, this is one of the few studies to compare both underweight and overweight/obese participants with normal weight participants in the same study. Fourth, we used a combination of self-reported questionnaires, physical examinations and blood tests to define certain chronic diseases (hypertension, diabetes mellitus and high cholesterol). This would circumvent the limitations associated with self-reports (for example, recall bias). Finally, we address this question in an Asian population, which has seldom been studied previously. We acknowledged that our study was not without its limitations. First, the cross-sectional nature of this study limited our ability to test the causal association between BMI and HRQoL. Second, although we noted statistically significant associations between BMI and HRQoL, some of the differences were quite small and may not be clinically important. Nevertheless, underweight, overweight and obesity are very common and it is possible that small differences may be important at a population level. Future longitudinal studies using the anchor-based approach or a clinical trial using the distribution-based approach will be important to determine the minimal clinically important difference for PCS in the context of varying BMI. 35 Third, although it was not surprising that participants who returned for health screening were better off socioeconomically and reported better health status, this might somewhat limit the generalizability of our findings to other members of the general population. Nevertheless, this is an inherent limitation of such a population-based study. However, we would think that the impact of being obese on PCS and being underweight on MCS would still be observed, although with larger effect sizes in the sample that did not return for health screening as they were of poorer health status. Finally, we used a generic rather than obesity-specific HRQoL measurement. Unfortunately, we currently lack an obesity-specific measure that shows validity and reliability in our population. The use of a generic HRQoL measurement also allowed us to compare and contrast the impact of BMI and other chronic diseases on HRQoL.
In conclusion, in this population-based study in Asia (one of the few published studies), we have shown that obesity is associated with HRQoL. These associations seem to be similar across ethnic groups, suggesting that efforts to reduce or prevent obesity are likely to have similar benefits in all ethnic groups. These benefits are likely to relate to improvements in the physical domains of HRQoL and could be particularly important for maintaining HRQoL in women. It is also noteworthy that being underweight also had a significant negative impact on HRQoL, particularly the mental components. The reasons for this association are unclear and warrant further investigation.
